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Abstract 
This paper presents the study on the effects of oil palm empty fruit bunch (OPEFB) micro-filler on electrical tree 
propagation in silicone rubber composite material. In this study, the oil palm empty fruit bunch (OPEFB) filler with mean 
size of 32 μm was employed as an electrical tree inhibitor. The sample for this electrical tree experiment was in the form 
of leaf-like specimen which was characterized as filled sample and non-filled sample. The filled sample contained 1 wt% 
of OPEFB filler while the non-filled specimen contained no fillers. Obtained results show that the lengths of electrical 
trees in filled silicone rubber were shorter than tree length of non-filled silicone rubber for 60 minutes propagation time. 
This tree length difference shows that the OPEFB micro-filler helped to retard the growth of electrical tree. Therefore, this 
new organic filler is found to be useful for electrical tree inhibitor in high voltage insulation. 
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1. Introduction 
Electrical treeing is an electrical pre-breakdown phenomenon. The first person to study treeing and 
obtained significant contributions towards the tree mechanism understanding was J. H. Mason in 1951. He 
had observed tree growth from cylindrical voids which was exposed to the AC voltage for long period of time 
[1]. However, Raymer was the first person described the phenomenon known as treeing in cable in 1912 [2]. 
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Electrical tree is generally found in polymeric insulation which grows in the regions of high electrical stress, 
such as metallic asperities, conducting contaminants and structural irregularities [3]. This phenomenon leads 
to degradation and failure of insulating material thus bringing adverse effect to the reliability of distribution 
system and induce electrical power networks failure.  Due to this phenomenon has attracted a lot of attention 
from various researchers in order to understand and overcome the phenomenon.  
Due to this pre-breakdown phenomenon, numerous methods have been applied to improve material 
processing, such as the addition of treeing inhibitor and barrier, materials modification and etcetera [4-6]. 
However, most of the tree inhibitors are inorganic fillers which are expensive and difficult to manufacture. Up 
to date, investigations on organic fillers and their effects on electrical tree inception are yet to be thoroughly 
investigated. Therefore, this paper describes the results of study on, new organic filler and its effect on 
electrical tree propagation in silicone rubber. The organic filler is derived from Oil Palm Empty Fruit Bunch 
(OPEFB) which has good mechanical, electrical and physical properties. Kolop et al. [7] stated that OPEFB 
fibre has high dielectric strength, high toughness, high drying shrinkage and high Young’s Modulus constant.  
The present work focuses on the effects of organic filler on to the electrical tree propagation in silicone rubber 
and determining the possibility of improvement in electrical treeing resistance by with the addition of micro-
organic filler. The electrical tree inception voltage and tree length of filled samples and non-filled samples 
were measured upon AC ramp voltage excitation and comparison was made from the obtained results. 
2. Sample Preparation 
The experimental set up involved the sample preparation and the preparation of needle electrode of 
concern. The needle electrode’s tip was formed by electrolytic polishing with the aid of sodium hydroxide 
(NaOH) solution .The needle electrode is actually  a tungsten wire  of 0.25 mm in diameter.  The electrode 
was placed as such a gap of 2 mm from the ground electrode or counter electrode was formed. It has a tip 
radius of 5 μm and tip angle of 30 degrees. Previous researches used needles with diameters ranging from 0.7 
mm to 1.0 mm [8] but this research used smaller needle with diameter 0.25 mm. One side of needle tip was 
enclosed with aluminum. The needle electrode was cleansed using acetone to remove the dirt. The test needle 
tip created was physically examined with a microscope prior to the polymers casting. This physical 
examination is necessary so as to ensure all the needles’ tip radius and the tip angles are uniform. Actually, 
the tungsten wire which was immersed in a sodium hydroxide solution being energized with a 30 V and 3A 
DC supply as shown in Fig. 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Schematic diagram for the needle tip formation processes using sodium hydroxide (NaOH) solution. 
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The test sample specimen was produced in the form of leaf-like using silicone rubber concocted with 
empty fruit bunch to form a composite material [9]. There are several steps involved in producing the test 
samples. Firstly by cleansing the OPEFB from dirt and the fibrous by-products attached to the bunch. Then 
the OPEFB was sieved in order to obtain empty fruit bunch fillers with mean size of 32 ȝm. The OPEFB filler 
with mean size of 32 ȝm was further weighted to ensure it was equivalent to 1% of the total weight of 
specimen. The OPEFB filler was dried in a conventional oven at 105 oC for 2 hours to remove the moisture 
content. After this pre-conditioning, the OPEFB filler was mixed accordingly to the required ratio. For 
example, if the composite polymer specimen weight is 10 g, then 0.1 g (1 wt%) OPEFB will be mixed with 
silicone rubber of 10g (100 wt%) weight. The Radwag, ASX 220 analytical balance was used to measure the 
weight of empty fruit bunch and silicone rubber. The employed silicone rubber used was Sylgard 184 
purchased from Farnell with special hardener. Mechanical disperser was employed when combining the 
silicone rubber mixture and the filler. During the mixing process of OPEFB with silicone rubber, voids inside 
the polymers sample were formed. By using a vacuum set, the sample was degassed to remove the voids. 
After ensuring no voids existed inside the composite polymer, the composite polymer was casted onto the 
electrode gap to cover the whole gap between the electrodes and the material was covered by a thin glass.  
The finished sample was cured at 100oC for about 45 minutes. In this paper, the pure silicone rubber 
specimen and silicone rubber with 1 wt% OPEFB is categorized as non-filled specimen and filled specimen 
respectively.  The schematic drawing configuration of leaf-like specimen sample is shown in Fig. 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Configuration of leaf-like specimen 
3. Laboratory Experimental Work 
In this work, an online monitoring system was developed to undertake study of electrical treeing more 
effective. The monitoring system consisted of a stereomicroscope, a personal computer, and a charge-coupled 
device (CCD) camera. The system primarily consisted of an Olympus SZX16 Research Stereomicroscope 
equipped with auxiliary Olympus Xcam-Alpha CCD camera with 115x magnification capability. The 
aforementioned magnification level was sufficient to capture magnified images of electrical tree initiation and 
propagation with proper magnification. The purpose of this arrangement is to observe the propagation of 
electrical treeing optically under room conditions. The observation of electrical treeing propagation was 
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conducted using camera-equipped online monitoring system shown in Fig. 3. The electrical tree growth was 
observed at room temperature. An AC ramp voltage with increasing rate of 0.5 kV/s was applied until 
electrical tree initiated and the applied voltage were kept constant while in the meantime, observations of 
electrical tree propagation were conducted. During the span of electrical tree growth, the real time images of 
electrical tree were captured using CCD camera mounted to the stereomicroscope with the aided of 
DigiAcquis image acquisition software. Briefly, the test procedures are as follows;  
a. The filled specimen was placed in the test cell which contained silicone oil. 
b. The microscope was adjusted until the tree image appears on the personal computer monitor. 
c. An AC ramp voltage with 0.5 kV/s increasing rate was applied, and the tree inception and propagation 
were observed on the monitor. 
d. Once the tree appeared, the applied voltage was kept constant and the propagation of electrical tree was   
observed. 
e. The live images of tree growth were recorded up to 60 minutes and the corresponding tree length was       
measured. 
    f. Afterwards, procedures a – e were repeated for non-filled sample. 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Experimental set-up of online monitoring system for electrical tree observation 
4. Results and Discussion 
Table 1. Experimental Results of Non-filled Silicone Rubber 
No. of Sample Tree Inception Voltage (kV) 
Tree Propagation Time 
(min) Tree Length (mm) 
                        1 7          60 1.15 
                   2 7.5          60 1.14 
                        3 8     60        1.52 
                        4 7.5          30 1.93 
To Personal 
Computer 
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Table 2. Experimental Results of Filled Silicone Rubber 
No. of Sample Tree Inception Voltage (kV) 
Tree Propagation Time 
(min) Tree Length (mm) 
                        1 8.5          60 0.77 
                   2 7          60 0.81 
                        3 8     60        0.91 
                        4 8.5          60 0.81 
 
Table 1 and Table 2 show the experimental results of electrical tree propagation time and the 
corresponding tree length of a non-filled silicone rubber and filled silicone rubber material. It is obvious that 
the addition of filler can help in inhibiting the electrical tree propagation. From the results, it can be seen that 
for the pure silicone rubber, the electrical tree grew in length ranging from 1.14 to 1.92 mm in 60 minutes 
while for the filled specimen the tree length ranged from 0.77 to 0.91 mm in 60 minutes of propagation time. 
Thus, the filler helped to retard the growth of tree. Besides, the electrical tree tends to form more tree 
branches in the presence of filler compared with non-filled specimen which tends to grow in straight-like 
manner towards the counter electrode.  The images of electrical tree in filled sample and non-filled sample are 
shown in Fig. 4a and Fig. 4b. 
 
 
 
 
 
 
 
 
 
 
 
 
(a-i)      (a-ii) 
 
 
 
 
 
 
 
 
 
 
 
 
(a-iii)      (a-iv) 
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(b-i)      (b-ii) 
 
 
 
 
 
 
 
 
 
 
 
 
(b-iii)      (b-iv) 
Fig. 4. Electrical treeing propagation in non-filled silicone rubber and filled silicone rubber:  4a-i. Non-filled sample (tree length = 1.15 
mm, propagation time = 60 min); 4a-ii. Non-filled sample (tree length = 1.14 mm, propagation time = 60 min); 4a-iii. Non-filled sample 
(tree length = 1.52 mm, propagation time = 60 min); 4a-iv. Non-filled sample (tree length = 1.93 mm, propagation time = 30 min); 4b-i. 
Filled sample (tree length = 0.71 mm, propagation time = 60 min); 4b-ii. Filled sample (tree length = 0.81 mm, propagation time = 60 
min); 4b-iii. Filled sample (tree length = 0.91 mm, propagation time = 60 min); 4b-iv. Filled sample (tree length = 0.81 mm, propagation 
time = 60 min).   
Fig. 4a and Fig. 4b show the pictures of electrical tree propagation in non-filled specimens and filled 
specimens. From the pictures, it can be seen that the electrical trees propagated with longer length in non-
filled specimen compared with filled specimen containing fillers which act as an obstruction to the growth of 
electrical tree. In fact, the difference between dielectric constant of filler and silicone rubber was in the 
electrical tree to be more branching and the branching would create field relaxation and energy dispersion in 
the region of tree tip which would lead to suppression of electrical tree propagation [10]. 
When the electrical tree propagates it would collide with the filler structures Thus, this would hinder the 
electron avalanche results in longer time of tree propagation compared with non-filled specimen. This tree 
suppression satisfied the four principles of tree reduction which this filler helped to trap or decelerate the high 
energy electrons [3]. 
5. Conclusion 
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The micro-composite material, which is micro-size OPEFB filler added to silicone rubber, was subjected to 
electrical tree propagation investigations. As a result, the following conclusions were obtained; 
1. The addition of OPEFB particles into Sylgard 184 silicone rubber improved the resistance to electrical 
tree and increased the time to tree breakdown. 
2. Shorter length of electrical tree in filled specimen compared with non-filled sample which exhibit longer 
tree length. The filler acted as a barrier thereby preventing the extension of trees. 
3. The filler would inhibit the tree propagation and consequently would expand the lifespan of electrical 
insulation. 
4. Oil palm empty fruit bunch micro-filler could be used to inhibit the growth of electrical tree. However, 
more experimentation is needed to study the efficiency of this kind type of organic filler. 
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